The New South Wales (NSW) Statewide Burn Injury Service Database was reviewed to identify variations in clinical practice with respect to care of severely burn-injured patients in intensive care. We compared differences in practice relating to duration of endotracheal intubation and surgical grafting. In this retrospective observational study, we reviewed all intensive care unit (ICU) admissions to the two NSW adult burns centres, ICU A and ICU B, between January 2008 and December 2015. Data were analysed for association between duration of intubation and outcome. There were 855 admissions to adult ICU, with a significant difference in the percentage total body surface area (% TBSA) of burn and inhalation injury between patients in the two units. There was a significant difference in duration of intubation and ICU length of stay (LOS) between the units, which persisted when adjusted for age, % TBSA and inhalational injury. When analysing patients with more severe burns (>20% TBSA or intubated), the difference in duration of intubation remained significant (median of three days [interquartile range, IQR, 1-11 days] in A and 2 days [IQR 1-6 days] in B, P=0.003) as did ICU LOS (median 3 days [IQR 2-11 days] for A and 2 days [IQR 1-6 days] for B, P <0.0005). There was no significant difference in mortality between the two units for the severe or the more severe subgroup of burns when adjusted for age, % TBSA and inhalational injury (adjusted odds ratio, OR, for mortality 1.17 [95% confidence intervals 0.6 to 2.3, P=0.65]). There were significant differences in clinical practice, including duration of intubation, between the two ICUs. Longer intubation was associated with a longer ICU LOS, but was not associated with a difference in mortality. Large collaborative, prospective multicentre studies in severe burns are needed to identify best practice and variations in practice to determine if they are associated with increased mortality and/or cost.
. Staff in the two burn injury units in New South Wales (NSW) have reported variation in ventilation practices in the management of severely burn-injured patients between these units, raising the concern that this may have affected outcomes. Whilst variability in care is not in itself a bad thing, it is important to identify practices that may be contributing to increased mortality, morbidity and healthcare costs [1] [2] [3] . Identifying best practice and then identifying practice variation have been identified as ways of improving health outcomes and cost efficiency.
Whilst guidelines relating to the care of the burn-injured patient exist, they are often based on outdated or poorquality evidence. There is a distinct lack of high-quality evidence guiding the acute management of a major burn injury 4 . For example, the commonly used Parkland formula was proposed by Baxter in 1968 as a guide to fluid resuscitation in severe burns and was widely adopted 5 . Recent studies have demonstrated that centres have deviated significantly from the original guidelines, unintentionally administering far greater volumes of fluid than set out in the original study 6, 7 , and without evidence to support their practice.
In light of the potential adverse outcomes of intensive care unit (ICU) interventions such as mechanical ventilation, it is surprising that large-scale studies into the management of critically ill burns patients have yet to be undertaken 8 . It is hoped this study will provide a stimulus and guide for further research.
This study was undertaken to compare the effects of practice variation between two burns centres on mortality, and ICU and hospital length of stay (LOS), based on existing data collected from these centres. Duration of endotracheal intubation, incidence of tracheostomy, and number of theatre sessions per patient were compared. The hypothesis was that longer duration of endotracheal intubation would be associated with longer ICU and hospital LOS and a greater number of complications.
The results will guide future study in establishing a targeted prospective database to determine best practice and evidence-based guidelines for the care of the burn-injured patient.
Materials and methods
An analysis was performed of patients from the prospective NSW Statewide Burn Injury Service Database. The database, set up in 2005, included approximately 7,000 hospital admissions to the three specialist burns units in NSW. Admissions to the two adult units (units A and B) were divided according to a geographical referral arrangement. All adult burns patients requiring admission to ICU from January 2008 to December 2015 were included in the analysis. The third NSW burns unit, a paediatric unit, was not included in the study.
The study compared mechanical ventilation practice, and theatre sessions per patient in ICU between Unit A and Unit B. Patients were excluded from the study if they were less than 15 years of age. Prognosis was not an exclusion criterion.
Clinical practices selected for comparison in this study were duration of endotracheal intubation, incidence of tracheostomy, and surgical management, i.e. number of operating theatre sessions per patient.
The primary outcome measured was all-cause hospital mortality. Secondary outcome measures were ICU mortality, hospital LOS, ICU LOS and reported crude infection rates.
Hospital research ethics committee approval was obtained prospectively at both participating sites (Human Research and Ethics Committee approval number LNR/14/ HAWKE/324). Only de-identified and aggregated data were analysed. The unique database number identified patients enrolled in the review.
Statistical analysis
Patient characteristics, interventions and outcomes are described using means and standard deviations for normally distributed continuous data, median and interquartile range (IQR) for non-normally distributed continuous data, and counts and proportions for dichotomous data. Comparisons between groups were undertaken using Student's t-tests, rank sum tests, Fisher's exact tests and chi-square tests as appropriate. Regression analysis, using simple linear regression, was used to assess the unadjusted comparisons of duration of endotracheal intubation and duration of ICU and hospital LOS with adjustment for known confounders (age, percentage total body surface area [% TBSA] burned and presence of an inhalational injury) also assessed using linear regression 9 . An estimate of the odds ratio (OR) for mortality adjusted for the same covariates was calculated using logistic regression analysis. Analyses were repeated for the subgroup of patients with more severe disease, defined as those participants with a % TBSA of ≥20% or requiring endotracheal intubation. All analyses were conducted using STATA 14.1 (College Station, TX, USA).
Results
Eight hundred and fifty-five adult burns patients were admitted to the two ICUs between January 2008 and December 2015, 330 to unit A and 525 to unit B (Table 1) . Mean age and gender distribution were similar between the two units. There was no difference in the occurrence of chronic medical or psychiatric conditions between groups and similar numbers of patients were current smokers at the time.
There was a significant difference between the units in the % TBSA of burn recorded, (median of 15% [IQR 7%-30%] in A and 12% [IQR 4%-26.5%] in B, P=0.003) and presence of inhalational injury (30.6% in Unit A and 18.1% in Unit B, [P <0.0005]). There were differences in the mechanisms of the burn, though both units reported flame burns to be the most common mechanism of injury ( Table 1) . Patients arrived at both units from throughout NSW; information regarding time to arrival at the burns centre post-injury was not consistently available, and it was thought unlikely to be due to a systematic difference between the units.
There was a significant difference in duration of intubation between units (median of three days [IQR 1-11 days] in A and two days [IQR 1-6 days] in B, P=0.003), but no significant difference in the rate of tracheostomy (6.1% versus 4.2%, P=0.26). (Table 2) .
On examining outcomes, there was no significant difference in rates of wound infection or urinary tract infection. There was no significant difference in raw mortality between the two units, or when adjusted for age, % TBSA, and inhalational injury ( Table 2) .
Subgroup analysis of patients with more severe burns
Outcomes were assessed for patients with indicators of more severe burns (burns >20% or intubated) (Tables 3 and  4 ). The cohort included 274 patients from ICU A and 418 from ICU B.
There was a significant difference in the duration of intubation (median of three days [IQR 1-11 days] in A and two days [IQR 1-6 days] in B, P=0.003), but no significant difference in rates of tracheostomy.
Median ICU LOS (adjusted for age, % TBSA and inhalational injury) was significantly longer for patients in ICU A (median of three days [IQR 2-11 days] in A and two days [IQR 1-6 days] in B, P <0.0005). Adjusted difference in ICU LOS (using ICU A as a referent case) was -3.6 (95% confidence intervals -5.5 to -1.7) days, P <0.0005.
Median hospital LOS was also longer in hospital A (median 17.5 days [IQR 7-37 days] for A and 14.5 days [IQR 6-29 days] for B, P=0.05). Adjusted difference in hospital LOS (using ICU A as a referent case) was 0.1 (95% confidence intervals -4.5 to 3.9) days, P=0.96.
There was no significant difference in adjusted mortality, or rates of wound infection.
There was a significant difference in the average number of operating theatre sessions undertaken per patient (median 2 [IQR 1-4] for A and 0 [IQR 0-2] for B, P <0.0005).
Discussion
Variation in clinical practice is a cause for concern both in Australia and overseas 1, 2, 10 . Lack of good quality data, uncertainty as to the effectiveness of interventions and . This report provides evidence of significant variation in clinical practice, specifically duration of endotracheal intubation and surgical practices, in the care of acute severe burns patients in NSW. This variation, in the absence of significant patient or injury demographic differences, is suggestive of a lack of consensus on best practice. The concern that emerges, therefore, is that variation in practice might be associated with variation in clinical outcomes.
The 2016 report of the Australia-wide burn registry highlighted significant variation in overall clinical practice 11 . The presence of two burns ICUs in NSW, with patient allocation according to geographical, not clinical, parameters, provided the opportunity to analyse practice variations and explore their effects.
Overall clinical outcomes recorded were comparable to those reported internationally 12 .
In a large multicentre analysis of burn outcomes in the US, mortality rates for patients with severe burns >20% TBSA were approximately 14%, compared to our rates of 11.7% and 10.5% for ICU A and B respectively 12 . Despite this, significant differences in practice between the two burns ICUs in NSW were identified. There was significant variation in the approach to duration of intubation between the two units. Duration of intubation was significantly longer for patients in Unit A compared to those in Unit B. ICU LOS was longer for those patients admitted to Unit A, even when adjusted to correct for factors that have been shown to affect mortality. This included percentage of TBSA, age, and presence of inhalational injury 13 . The results suggest an association between prolonged intubation and ICU LOS.
The side-effects of mechanical ventilation are well documented, and may explain the association between prolonged intubation and ICU. The production of ventilatorassociated pneumonia, and ventilator-associated lung injury with systemic inflammatory response syndrome, and the impairment of venous return and increased fluid requirements are cited as causes of increased morbidity and mortality due to mechanical ventilation and intubation 8, 14, 15 . The data collected in this study did not include these specific factors, though it may be hypothesised that they have contributed to longer ICU LOS. Further studies are required to investigate these specific ICU complications and the association with patient outcomes.
Differences in surgical management may contribute to different ventilation practices. There was a significant difference in grafting sessions per patient between the two units, which may contribute to the greater number of ventilator days in Unit A compared to Unit B. Variation in surgical practice was also highlighted in the Australia-wide review of clinical practice in burns management. Evidence relating to the long-term outcomes associated with these different practices is lacking 11 . It is also important to address the association between variation in clinical practice and cost. In Australia and New Zealand in 2014 and 2015 there were over 1,700 cases of admitted burn injuries, 15% of which required admission to an ICU 16 . The estimated financial cost of such admissions is large 17, 18 . Minimising the duration of intubation would reduce the cost to the healthcare system by reducing ICU LOS.
It is yet to be demonstrated, however, what is beneficial to the patient. Identifying the most efficient practices that are associated with best outcomes would allow streamlining the use of health resources whilst optimising quality of care 19 . The limitations of this study from a prospectively collected database include the potential for reporting bias and discrepancies between the two centres regarding definitions. As is mentioned, this study was also limited by lack of specific data collected which includes known complications of mechanical ventilation such as ventilator-associated pneumonia and ventilator-associated lung injury. These results will guide further investigation in undertaking national and international prospective, comparative studies, with collection of targeted and detailed data to identify best practice, and the relationship between variation in practice and mortality and morbidity. Prospective studies should include comparisons of amount of analgesia and sedation used, fluid volumes administered, as well as ventilation practices. This is essential to improve efficiency of the health system and provide better quality outcomes for the burns patient. The results showed an association between longer duration of mechanical ventilation and ICU LOS. The causes and precise effects remain to be proven in prospective longitudinal studies.
